Development of an ion energy flux sensor for plasma processing by Leou,K. C.
04C5 04C6 
Development of an Ion Energy Flux Sensor for Plasma 
Processing* 
K.  C. Leou, S.  C. Lai, C. H. Cheng, C. Lin, C. H. Tsai 
Nutionul Tying Huu Universi@ 
Ion bombardment on substrate plays a crucial role in most plasma 
processing of materials. For instance, in etching of Poly-Si using 
chlorine discharges, in order to obtain a desired etch profiles, the 
process often is operated at the ion-enhanced regime where the 
etch rate and etched profile are strongly correlated with the total 
ion energy flux incident on the wafer surface. Therefore, a better 
process control can be achieved if one can monitor the ion energy 
flux in a real-time manner or even implement a real-time feedback 
control of the etch process by using a energy flux sensor. In this 
study, the relative value of ion energy flux is indirectly 
determined by combining the measurement results from two 
different diagnostic tools which both are real-time and 
non-intrusive measurements. To measure the ion energy, an 
impedance meter (AE-RFZ60) is used to measure the peak RF 
voltage on the wafer chuck, which has been shown to 
monotonically increases with the sheath voltage and hence the 
energy of ions incident on wafer surface[l]. The ion flux 
information is extracted from the C1' line intensity of the optical 
emission spectroscopy measurements. The relative ion energy flux 
is determined by the product of these two measured values. Initial 
test of the idea in a Poly-Si high density plasma etcher with CI2 
plasmas shows that the etch rate scales linearly with the measured 
"ion energy flux" for a wide range of operating conditions, which 
were designed by a standard CCD procedure. This tool will be 
further integrated with other sensors to form a real-time control 
system based on plasma properties. 
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Using high density ablation plasma produced by the intense 
pulsed ion beam interaction with solid targets, we have 
successfully prepared various kinds of thin films and ultrafine 
nanosize powders, which was named pulsed ion beam evaporation 
(IBE). Very quick and stoichiometric preparation is available by 
high density ablation plasma (density - lot9 cm") in good 
vacuum, without heating substrate, and without post-annealing. 
Since we reported the preparation of thin films after the first 
demonstration in 1988, we only discuss the preparation of B4C 
films in this paper. We believe this is the first demonstration in the 
world. As well known, B4C is very hard after diamond, wear 
resistant, and stable at high temperature. The experiment was 
carried out by the intense pulsed proton beam interaction with 
B4C target. From various diagnostics by XRD, FI'-IR, FE-SEM, 
TEM, EELS, and Vickers hardness, we have confirmed the 
successful preparation of crystallized B4C films as deposited. 
Absorptions associated with B-C bond have been clearly 
observed. In addition to a conventional front-side deposition, 
where a substrate is placed in front of the target, the preparation 
has been successful in back-side or mask-side configuration. Here, 
the substrate was placed in the rear of the target holder or masked 
by the holder so that the primary ablation plume directly cannot 
amve at the substrate. Good morphology has been observed on 
the surface of the films prepared. The maximum Vickers harness 
has been achieved to 2,300. 
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